The stability of imidoyl radicals prepared from 2-(2-alkenyloxy)-phenyl selenoimidates and 2-(2-allylamino)-phenyl selenoimidates and their intramolecular free radical cyclization through the slow addition of tri-N-butyltin hydride and AIBN to obtain 4-chromanones and 4-quinolones were studied. The extension of the methodology to N-phenyl substituted imidoyl selenoates produced tandem cyclizations of the imidoyl radical with the allyl substituent, followed for a second cyclization of the intermediate radical with the aromatic substituent to produce dihydro-chromenoquinolines or tetrahydro-dibenzonaphtyridines. 
Introduction
Chromanones, quinolones, chromenoquinolines and naphthyridines constitute important polycycles of pharmaceutic antibacterial compounds; they are also present in natural products. The search of new synthetic method for these heterocycles can contribute to the development of new and better pharmaceutic compounds.
In this work, we present the synthesis of chromanones and quinolones by a radical intramolecular cyclization of O-allyl or N-allyl phenyl selenoimidates, prepared from imidoyl chlorides.
The extension of this reaction to aromatic substituted selenoimidates gave chromenoquinolines and benzonaphtyridines through a tandem cyclization of the imidoyl radical and the allyl substituent followed of a second cyclization with the aromatic substituent and further oxidation of the dihydro or tetrahydro polycycles.
Imidoyl radicals, isoelectronic to acyl radicals, are mainly obtained from alkyl-radical addition to isocyanides: Curran and Liu [1] prepared heterocyclic compounds from 5-iodo-1-pentine with an excess of phenyl isonitrile, AIBN and tributyltin hydride to obtain 2,3-dihidro-1H-cyclopenta [b] quinoline, Nanni et al. [2] [3] obtained 2,4-disubstituted quinolines and Zanardi et al. [4] prepared pyrido-2,4-triazines and quinolines from the reaction of arylideneaniline with diisopropyl-peroxydicarbonate and phenyl acetylenes and proposed the formation of α-(arylthio)-imidoyl radicals.
Uneyama et al. [5] obtained indoles from an intramolecular photochemical homolysis of azo compounds derived of imidoyl iodides to triple bonds and Zhang and Studer [6] published a review on the use of isonitriles as radical acceptors.
There are some examples of imidoyl radicals obtained from amides: Esker and Newcomb [7] prepared imidoyl radicals from secondary amides by reaction of the amide with phosgene to give an imidoyl chloride followed by reaction with the sodium salt of N-hydroxypyridine-2-thione which produced amidyl radicals by visible light initiation. These radicals were cyclized to form γ-lactams and N-acyl pyrimidines. Manley [8] and Zhong et al. [9] obtained imidoyl chlorides by the combination of oxalyl chloride and DMF, and Cunico and Pandey [10] obtained these compounds from amides and phosphorous pentachloride.
The transformation of imidoyl chlorides to selenoimidates or teluroimidates facilitates the handling of the imidoyl radicals; these compounds are prepared from imidoyl chlorides and phenylselenyl anions [11] or from the reaction of oxime sulfonates with organoaluminum selenoates [12] . Bowman et al. [13] obtained phenyl-selenyl imidates from the reaction of aromatic ortho-alkenylamides with phosgene and phenyl selenide and Fujiwara et al. [11] made indoles from butyl-selenyl imidates prepared from selenium and isocyanates.
Bachi and Dennenmark published a short paper [14] on the cyclization of selenoimidates to obtain chromanones or chromenoquinolines from 2-allyloxy-Nalkylbenzamides or 2-allyloxy-N-phenylbenzamides as raw materials; they report imidoyl radicals as intermediates of the cyclization reactions, but the methodology for radical preparation is not reported. After these papers, they did not use this method. Rigby et al. [15] and Fujiwara et al. [11] also prepared and characterized some selenoimidates.
A recent review [16] reports various radical cyclizations of isocyanides, isothiocyanates, nitriles, and other C-N unsaturated bond systems. A variety of 5-and 6-membered nitrogen-containing heterocycles were prepared via imidoyl or iminyl radical intermediates. 
Results and Discussion
We prepared 2(2-alkenyloxy)-alkyl-selenoimidates from methyl salicylate and butyl amine to obtain the correspondent amides which were made to react with prop-2-enyl bromide or but-2-enyl bromide. The imidoyl chlorides were prepared from 2-(alk-2-en-yloxy)-N-butyl benzamides and oxalyl chloride in anhydrous dichloromethane at −10˚C, according to Booshard [17] . Further reaction with sodium phenyl-selenide as reported by Dowd [18] produced N-butylimidoyl selenides (1).
These unstable compounds, solids at room temperature, were purified after basification using chromatography on basic alumina. Yields of 79% -75% were obtained. Their IR spectra and H 1 NMR spectra were the expected, as reported by
Meese et al. [19] . Sodium phenyl selenides were prepared from diphenyl diselenide and sodium hydride in dry THF under dry nitrogen, an added to the imidoyl chlorides in the presence of dimethylformamide to get selenoimidates [21] . Yields of these reactions (60% and 70%) were comparatively higher than the reported (20% -45%) (see Table 1 ). We did not find nitriles produced by fragmentation. In all cases, a small quantity of amide was recovered (see Table 1 ). We did not find nitriles produced by fragmentation recovered.
Phenyl (E)-2-allyl(methyl)amino)-N-phenylpyridine-3-carbimidoselenoate 1i Table 1 . Yields of allyl or crotyl amides and selenoamides and selenoimidataees.
Amides substituents Yields
Phenyl* Prop-2-enyl,* methyl* N* 60% 70% 1i*
• products of 2-aminonicotinic acid.
Two Imidooyl selenoimidates:
Free radical cyclization.
The cyclization of phenyl-N-alkyl benzimidoselenoates to obtain 4-cromanones 7lmehyl-6H-chromeno(3,4)chromenoquinoline International Journal of Organic Chemistry
This cyclization method was assessed for the cyclization of the aromatic Imidoyl chlorides, ra5,6w materials of the imidoyl chlorides, which are stable enough, but the yields were very low.
Experimental
The raw materials and silica gel were acquired from Sigma Aldrich. DMF was dried with calcium hydride and dichloromethane with phosphorous pentoxide.
Toluene and THF were distilled over Na/benzophenone prior used. Melting point was determined with a Fisher-Johns apparatus. HNMR spectra were measured on a Varian Unity Inova 300 MHz using CDCl 3 2-(N-alken-2-enylamino)-N-phenyl benzamides: Isatoic anhydride (1 g, 6.12 mmol) in anhydrous DMF was made to react with sodium hydride for 1 hour, followed of de addition of allyl or crotyl bromides and heating for 1 hour. The product was poured into aniline 5 ml (64 mmol) and stirred for 1 hour. The organic layer was extracted with ethyl acetate and the aniline excess was distilled under reduced pressure. The product was purified by silica gel column chromatography with hexane-ethyl acetate 80:20.
2-(N-prop-2-enylamino)-N-phenyl benzamide: From 1.0 g. isatoic anhydride (6.12 mmol), 0.8 ml allyl bromide (9 mmol) (89%). M.p. 97˚C -99˚C, IR (cm 2 mmol) or allyl bromide were added to the anion and the mixture refluxed during 12 hs and poured in a suspension aniline (6 ml, 65.8 mmol)-water at 0˚C. After stirring 2 hours and maintained at 0˚C for 10 hours. The organic layer was separated from water and the aniline distilled at reduced pressure. The resulting product was purified by chromatography on a silica gel column.
The 2-N-prop-2-enylamino)-N-phenyl-nicotinamide (54%) is a pale yellow solid, m.p.103˚C -108˚C. IR: 3354, 3328, 1668, 1593, 1538, 750. This compound and 1.2 g of potassium carbonate and 0.6 ml of allyl bromide in 60 ml of DMF was refluxed for 7 hours. After isolation, the product was purified by column chromatography using hexane-ethyl acetate as eluent. A yellow solid was obtained. Yield: 79%. M. p: 113˚C -116˚C. IR (cm Cyclization of imidoyl radicals to obtain cromenoquinolines and dibenzonaphtyridines.
In a two necked flask fit with a condenser and nitrogen atmosphere, a 0. 
